Abstract. This paper describes design, development and deployment of a fuzzy based agricultural decision support system which help farmers to make wise decisions regarding selection of a crop. Various parameters for decision making are understood and Fuzzy interface systems are developed. This study finds application in India as the selection of crop is based on folklore knowledge and farmers find this process extremely hard. Choosing most suitable crop is the major problem farmer has to face.
Introduction
Indian economy is largely dependent on agriculture as the agriculture alone contributes 75% of Indian jobs. The most difficult problem Indian farmer face is selection of crop keeping in mind environmental conditions and economic gains. The tradition process for selection of crops is totally based on folklore knowledge and historical facts. In entire farming process, taking a good decision at proper time directly affects the total production of crop [5] . We have tried to make this process scientific by coming with a decision support system. During design and development process, we have observed that a good decision comes from analysis of number of parameters like rainfall, type of soil, temperature, humidity, chemical composition of soil etc. Almost all parameters are uncertain. That's why we have incorporated fuzzy aspects for handling uncertainty. This fuzzy DSS can give most suitable solutions [4] . The fuzzy aspects are incorporated using fuzzy logic tool box available in MATLAB. Our system is a rule based system fuzzy DSS.
Fuzzy Inference System
The Fuzzy Inference Systems (FIS) are popular computing frameworks based on the concepts of fuzzy set theory, which have been applied with success in many fields [1, 2, 3] . Their success is mainly due to their closeness to human perception and reasoning, as well as their intuitive handling and simplicity, which are important factors for acceptance and usability of the systems. In particular, three main modules are of particular interest: a fuzzifier, a rule base and a defuzzifier. While the fuzzifier and the defuzzifier has the role of converting external information in fuzzy quantities and vice versa, the core of a FIS is its knowledge base, which is expressed in terms of fuzzy rules and allows for approximate reasoning. Our literature review suggests that the Mamdani FIS type [2, 3] was proposed as the first attempt to solve control problems by a set of linguistic rules obtained from experienced human operators. The main feature of such type of FIS is that both the antecedents and the consequents of the rules are expressed as linguistic constraints. As a consequence, a Mamdani FIS can provide a highly intuitive knowledge base that is easy to understand and maintain, though its rule formalization requires a time consuming Defuzzification procedure. For such reasons, Mamdani type FISs can be used as valid supports in all such fields -like Medicine, Economics, etc. -where transparency more than cutting-edge efficiency is required. There are also Rule based System. A rule-based system consists of if-then rules, a bunch of facts, and an interpreter controlling the application of the rules, given the facts. These if-then rule statements are used to formulate the conditional statements that comprise the complete knowledge base [7] .
A single if-then rule assumes the form 'if x is A then y is B' and the if-part of the rule 'x is A' is called the antecedent or premise, while the then-part of the rule 'y is B' is called the consequent or conclusion. There are two broad kinds of inference engines used in rule-based systems: forward chaining and backward chaining systems. In a forward chaining system, the initial facts are processed first, and keep using the rules to draw new conclusions given those facts [8] . In a backward chaining system, the hypothesis (or solution/goal) we are trying to reach is processed first, and keep looking for rules that would allow concluding that hypothesis. We have designed our fuzzy DSS using Mamdani FIS and Rule based systems.
System Development
The proposed system is designed and developed by using GUI and Fuzzy logic tool box of MATLAB. For proper designing of system, we have extensively studied earlier similar works. Basic important parameters are identified from earlier work and then new system is designed with additional parameters which are not considered by earlier researchers. Our system has 15 input parameters. We use 'gauss2mf' membership function for fuzzification of input and 'trimf' membership function is used for fuzzification of output [6] . There are 22 rules in the system. There are five stages of the fuzzy inference process.
1. Fuzzification of the input variables 2.
Application of the fuzzy operator (AND or OR) in the antecedent 3.
Implication from the antecedent to the consequent, 4.
Aggregation of the consequents across the rules 5.
Defuzzification
Fig.1. FIS Editor (Mamdani Model)
The FIS structure is the MATLAB object that contains all the fuzzy inference system information. The FIS structure is prepared for Mamdani model. This model has 15 inputs. One output and 22 rule base. For fuzzification of soil parameters " gaussmf " function is used. For fuzzification of output " trimf " function is used.22 Rule base are prepared. This model, by considering the rule base, gives one output crop which will provide the maximum yield. To get the output in a crisp value Defuzzification is done using centroid method.
The following figures show demonstration of developed software system using fuzzy logic tool box of MATLAB. 
Fig.2. Membership function editor

System Demo for a Crop
User must provide the necessary parameters for the selection of suitable crop. For user convenience, reference value for each parameter is shown on user screen. For example range of temperature lies in between 25-45 degree centigrade. Similarly the range of earth elements/parameter such as phosphate, potassium, nitrogen, humidity etc. are to be inputted to system. The rules described in FIS file system will automatically provide most suitable crop for the given parameter.
Conclusion
This paper summarizes design, development and deployment of a fuzzy based agriculture system which provides a novel application of fuzzy logic in the field of agriculture. This system has largely reduces the burden of farmer by proposing a scientific method for selecting best suitable crop among the list of crops. Our work has considered 15 parameters, which are maximum among contemporary works and 22 different fuzzy rules. This extensive framework gives good results. The system is deployed at many places and results are found to be accurate. This paper draws its conclusion from the experimental observations.
